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Great expositions mark the progress made in the industrial 
world, and emphasize the advance in particular lines. The Louis- 
iana Purchase Exposition was no exception. Those who were 
fortunate in being able to attend the Exposition at Chicago in 1893 
and St. Louis in 1904 doubtless observed the progress which had 
been made in the branches in which they were especially interested. 
To those interested in cement, a very noticeable feature of the 
former was the absence of an American Portland Cement Exhibit, 
and the elaborate German exhibits of this material. This was 
naturally to be expected at a period when American Portland 
cement was hardly known and was regarded as of doubtful quality, 
while German Portland cement was universally used and was held ' 
in very high -regard. The total consumption of Portland cement ' 
in 1903 was 3,264,801 barrels, of which 82 per cent, was of foreign 
and only 18 per cent, of domestic manufacture. In the decade 
which has since elapsed a great change has taken place in the 
production and consumption of American Portland cement. The 
production has increased 450 per cent., while the importations 
have fallen off about 73 per cent.; the consumption now exceeds 
26,505,881 barrels, and this country has grown from one of the 
smallest to one of the largest Portland cement producing coun- 
tries of the world. 



* Presented jointly to the Association of American Portland Cement Manu- 
facturers and the American Society for Testing Materials Reprinted from the copy- 
righted proceedings. 
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It was quite appropriate that this remarkable growth of the 
cement industry in America should be fittingly exploited at St. 
Louis, and it was natural that this exploitation should be made by 
the American Portland cement manufacturers in a collective 
exhibit. Such an exhibit formed the gateway to the mining gulch 
of the Exposition and was one of the most attractive of the outside 
individual exhibits. The fact that there were no foreign cement 
exhibits worthy of note, served to emphasize the withdrawal of 
the foreign Portland cement from the American market, resulting 




Fig. I. — General View of Building. 

from the development of the American Portland cement industry. 
In yet another particular was this collective exhibit noticeable. In 
1893 the American Portland cement manufacturer, while not 
openly hostile to the inspection and testing of his product, was 
nevertheless not a strong advocate and frequently rebelled against 
the restrictions placed on him by the testing engineer. Yet it 
was because of this continual raising of requirements which com- 
pelled the manufacturer to improve his product, that he occupies 
a premier position in the cement industry to-day. We now find 
the manufacturer no longer the opponent but the firm advocate of 



proper methods for testing. This new attitude was shown in the 
equipment and operation of the Model Testing Laboratory in 
which was exploited the methods for testing cement proposed by 
the special committee of the American Society of Civil Engineers, 
whose report was distributed gratuitously. Only those who have had 
an active part in the erection of buildings and installation of exhibits 
at a great exposition can appreciate the vexatious delays occasioned 
by unforeseen difficulties ; this was particularly true of the cement 
exhibit. 




Fig. 2. — General View of Laboratory. 

It was originally intended that the work of construction should 
be carried on during the Exposition as a working exhibit. To 
secure greater advantages in an educational way it was subse- 
quently decided to complete it as soon as possible, but before this 
could be accomplished the Exposition was well towards its close. 
The buildings, and the installation of the equipment of the labora- 
tory and of the other exhibits were quickly completed and the whole 
placed in a working condition. 



The completed Exhibit formed a comprehensive exposition 
of the Portland Cement Industry, comprising: 

1. A collection of the raw materials from which Portland 
cement is manufactured, together with samples of this material 
taken in various stages of manufacture, to the finished product. 

2. A collection of the various sands, gravels, cinders, broken 
stone and metal used in concrete, together with photographs and 
models of structures built of concrete in all parts of the world. 

3. A library of books and files of the various technical journals 
devoted to cement, mortar and concrete. 




Fig. 3. — View of Cement and Concrete Materials Exhibit 



4. A completely equipped model testing laboratory. 

5. A collection of machines for mixing and molding concrete; 
and, 

6. A collection showing the many forms in which Portland 
cement is used. 

The exhibit building, one of two permanent structures, which 
has been presented to and accepted by the Park Commission of 
the City of St. Louis, Mo., is an excellent example of reinforced 



concrete construction, and consists of three pavilions separated 
by intermediate courts and connected across the front by a con- 
tinuous loggia, the roof of which is covered with cement tiling 
(Spanish pattern) of a rich red color. This coloring, together 
with the red tinting of the ceiling of the loggia, relieve the general 
grey tone of the walls and forms an agreeable color contrast. The 
style, Spanish Mission, and the rougli-finished walls are particu- 
larly well adapted to the usa of concrete. 

As much interest was manifested in the finish of the walls, a 
description of the method used is added. The forms were re- 
moved at the end of twenty-four hours after casting and the out- 
side surface was then scrubbed with a soft wire brush, washing 
with a hose at the same time, — this removed the cement and sand 
from the surface, leaving the stone of the concrete prominently 
exposed and producing the effect of rough casting. The advan- 
tages of this method are, first the production of a uniform color, 
and second the prevention of the appearance of hair cracks by 
the removal of the excess of neat cement. 

The superstructure of reinforced concrete rests on a sub- 
structure of concrete, carried to a solid foundation, reaching in 
some portions a depth of i6 ieet. American Portland Cement, 
Mississippi River sand, chatts (the screened tailings from the 
Missouri lead mines) and broken stone were used in the concrete 
in proportions of one part cement, three parts sand, and six parts 
broken stone for the substructure, and one part cement, two parts 
sand, and four parts chatts for the superstructure. 

The roofs, covering the pavihons, are of ferro-inclave con- 
struction, 3 in. thick; consisting of corrugated sheet iron plastered 
on both sides with a mixture of Portland cement and sand. 

The walls are reinforced every foot, both horizontally and 
vertically, by J-in. round rods. The beams of 30-ft. span have 
2f-in. diameter round rods, in the upper and 2|-in. rods in the 
lower portion. For the 20-ft. beams ^-in. round rods are used 
in the upper and |-in. rods in the lower portion. The stirrups 
are i^-in. wide No. 16 gauge iron. 

The interior walls were floated while green with a mortar of 
cement and sand, and subsequently tinted with rich water colors, 
the reception rooms being finished a deep vermilion, the laboratory 
a warm terra- cotta, while the exhibition room is finished in a 



deep green. The ceilings are uniformly of a rich cream color. 
Between the windows, bordering the interior courts, are medallions 
of the labels of the various companies, cast in Portland cement. 

The south end pavilion was used as a reception room and 
office, and contained a reference library of books and files of the 
leading technical journals devoted to cement, mortar and con- 
crete. The north end pavilion served as an exhibit room, in 
which was displayed the collection of the characteristic raw 
materials from various parts of this country used in the manufac- 
ture of Portland cement, showing raw material in the various stages 
of preparation to the finished product. The coal used was also 
shown in the raw and finished state. In all three pavilions were 
transparencies of some of the Portland cement plants in this 
country. 

The various forms of metal used in reinforceing concrete, 
the sand, gravel, cinders, and broken stone, from all over the 
country, were on exhibition. Besides, there was a collection of 
photographs of work built of concrete, from all over the world, 
and of tests made to establish the fire-resisting qualities of concrete. 

The wonderful growth of the Portland Cement Industry, the 
steadily increasing consumption of American Portland cement, 
and the decreasing consumption of natural and imported Port- 
land cement was shown graphically, while by means of maps a 
comparison was made between the plants in existence in 1890 
and those in existence at the present time. 

The central paviHon contained a thoroughly modern and 
admirably equipped testing laboratory, the finest that has ever 
been installed in this country. This laboratory was in daily 
operation, demonstrating the methods used for testing cement 
and concrete. 

The mixing and molding were performed on two especially 
designed tables, each of which is 7 ft. long, 28 in. wide, and 3 ft. 
high at the main portion; each end (32 in. above the floor) has 
a one-inch plate-glass mixing slab 2 ft. square. In the central 
part of one of these tables a galvanized iron pan 2 ft. square and 
6 in. deep was inserted provided with a cloth-covered wire screen 
top, and a wooden rack in the bottom f-in. high. The pan was 
filled with water to the top of the rack and the cloth was kept wet. 
The test pieces used in the determination of time of setting were 



placed on this rack and kept there during the test, being removed 
from time to time to make trial tests of the setting. The object 
was to maintain the test piece under uniform conditions during 
the test. 

The tension and compression test pieces, as well as those for 
the soundness, were kept in moist air for the first 24 hours after 
molding. For this purpose there was a moist closet, which con- 
sisted of a soapstone box 4 ft. wide, 18 in. deep and 2 ft. high 
resting on a wooden frame 30 in. high. The closet has a central 
vertical partition, and was provided with. wooden doors covered 
with planished copper. The bottom was made water tight, and 
holds about 6 in. of water; the sides have cleats for holding four 
sets of glass shelves 4 in. wide, 22 in. long, on which were placed 
the molds containing the neat cement briquettes. At the bottom 
over the water is a wooden rack, on which were placed the molds 
containing the mortar briquettes. 

The test pieces were removed at the end of 24 hours, marked, 
removed from the molds, and for all tests for longer periods than 
24 hours they were immersed in tanks. These tanks were of 
soapstone, provided with running water and were arranged in 
tiers of three each. There were six tanks in all, each 6 ft. 7 in. 
long, 30 in. wide. One of the upper tanks is 30 in. deep, and was 
used for the storage of large beams and cubes of concrete; the 
remaining tanks were all 6 in. deep (inside measure). Each tank 
was provided with two inlet and two outlet pipes, by which the 
water was maintained at any constant level. An instantaneous 
gas water heater was connected to the supply so that the tempera- 
ture of the water could be maintained practically at 70° F. 

For the determination of time of setting and normal consis- 
tency there were two Vicat Needle apparatus, one made by Tinius 
Olsen and Company, and the other imported from Germany. 

For the tension tests there was a long and short lever machine. 
The former, made and loaned by Tinius Olsen and Company, 
of Philadelphia, was driven by an electric motor, and was auto- 
matic in the application of the weighing load; while in the other, 
made and loaned by the Fairbanks Machine Company, of New 
York, the load was applied by a stream of shot flowing into a 
bucket suspended to one of the levers, the slip of the clip on the 
briquette being taken up by means of a worm which operates the 
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lower clip, a feature which has added very considerably to the 
value of this type of machine. 

For the compression tests there was a 40,000-pound, hand- 
driven machine built and loaned by the Falkenau-Sinclair Machine 
Company, of Philadelphia, and a 200,000-pound electric motor- 
driven machine buik and loaned by Tinius Olsen and Company, 
of Philadelphia. This machine was equipped with table for 
transverse tests up to 10 ft. clear span, and was provided with a 
ball and socket bed plate for compression tests up to 12 in. The 
former machine was new, having been built especially for this 
exhibit, at the request and imder the supervision of the writer. 

The proper way for testing cement mortars or concretes is 
in compression, as it approaches more nearly the conditions of 
actual use. When we design structures in concrete, we disre- 
gard the tensile strength of the concrete, and figure entirely on 
the compressive strength, incorporating in the beam or column 
sufficient metal to take up the tensile stresses. Why then should 
we test cement in tension ? We will find the reason in practical 
rather than theoretical conditions. The average laboratory, or 
more specifically, the usual laboratory of the consumer, is not 
provided with a large fund for its equipment or operation. The 
usual machines used for tests of strength are the tensile testing 
machines, ranging in price from $90 to $200. The compression 
machines sell for from $800 up, besides requiring power for their 
operation. Their cost places these machines beyond the reach of 
all except the large permanent laboratories. The 40,000-pound 
machine, in the laboratory will sell for $300. It is to be hoped 
that under favorable cost conditions, compression tests will come 
into increasing favor, and in time supplant the unsatisfactory 
tension tests. 

It is an encouraging fact, and worthy of note in passing, that 
tests of cement are being regarded of much greater importance 
and are receiving correspondingly greater attention than formerly. 
This is unquestionably the result of the increasing and varied 
application of cement for constructive purposes, and under con- 
ditions which render the quahty of the cement of paramount 
importance. 

The most important test that can be apphed to cement is that for 
soundness or constancy of volume, as it is of the highest importance 
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that a cement once set shall remain volume-constant. No en- 
tirely satisfactory test has been devised for this purpose. In the 
apparatus used in this laboratory the pats were placed on a rack, 
over boiling water, the surface of which was kept constant by means 
of a constant level bottle. The pats were maintained in an at- 
mosphere of steam at a normal pressure. No matter what the 
character of the water may be, the steam will be pure, and thus 
free from the objectionable feautres that may enter into the 
boiling test. 

The laboratory was provided with the usual standard sieves: 
Nos. 100 and 200 for cement; Nos. 10, 20, 30, 40, 50, 60, 80, 100 
and 200 for sands, and with an analytical balance and scales, 
with the necessary metric weights, made and loaned by Henry 
Troemner, of Philadelphia. For the specific gravity determina- 
tions the Le Chatelier's apparatus was used. 

There was also a Bauschinger apparatus for measuring the 
expansion of cement, and the usual measuring devices for the 
various tests. 

In the rear of the building were the outside exhibits which 
served to illustrate a few of the many uses to which Portland 
cement is put, and some of the methods employed in mixing and 
molding. 

The flexibility of reinforced concrete construction was illus- 
trated by a cantilever beam exhibited by the Hennebique Con- 
struction Company of New York, and which was tested to 
destruction as described hereafter. 

Adjoining this cantilever was an exhibit of the Siegwart 
hollow reinforced beams, by John E. Olsen, of New York. 

The Trussed Concrete Steel Company, of Detroit, Michigan, 
made a series of test beams and erected a floor system, the latter 
a combination of hollow tile and concrete beams, and also some 
columns supporting a beam, all serving to illustrate the "Kahn 
System". The tests of these beams and floor slab arp also 
described hereafter. 

A floor panel between two steel beams, resting on concrete 
piers, served to illustrate The RoebUng Construction Cbinpany, 
of New York, system of fireproof flooring. 

The Truss Metal Lath Company, of New York, showed 
a section of partition, illustrating the use of the Truss metal lath. 
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Ornamental work in cement was illustrated by the Algonite 
Stone Company, of St. Louis. The exhibit comprised a porch 
consisting of two columns and two pilasters, supporting a pedi- 
ment and roof; these pilasters and columns were cormected on 
each side of the porch by a balustrade. Several steps led to the 
porch floor. They also exhibited a Corinthian column cap, 
and a cap for a pilaster and other forms of artificial stone work. 

The National Art Stone Company, of Chester, Pa., displayed 
an ornamental mantel and column; the feature of the exhibit was 
the extremely low percentage of cement used. Samples were 
exhibited containing only three, seven and ten perecent. of cement, 
and ninety-seven, ninety-three and ninety per cent, of sand. 

The Art Mosaic Tile Company, of St. Louis, displayed mo- 
saic work in Portland cement; they had a fireplace, a kitchen 
sink, and flooring tiles. 

The Vulcanite Paving Company, of Philadelphia, showed 
a section of granoUthic pavement, and a section of steel-bound 
concrete curbing. 

Concrete railroad ties were exhibited by Casper Buhrer, 
of Sandusky, Ohio, and Frank Ford, of Albion, Mich. The 
former were made of old rails with the head bedded in the con- 
crete and with the flange up, the latter serving as the bearing 
and means of holding the rail in place. They have been in 
service in the Lake Shore and Michigan Southern Railroad for 
over two years. They have also been used by a number of other 
railroads. 

The Ford tie was in two pieces, connected by a rod insulated 
at the connection. 

Reinforced concrete fence posts were exhibited by H. T. 
McCarthy, of Detroit, Mich. 

The reinforced concrete burial vault, shown by George A. 
Rackle and Sons, of Cleveland, Ohio, marked a new feature in 
burial practice, having advantages over the wooden casket 

The Elielberg pipe of Danish manufacture (made with a 
hydraulic press) was exhibited by F. L. Smith and Company 
of New York City, the American agents. The pipe was of 
excellent quaHty, and stood the long transportation widiout dam- 
age. , 
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The hollow building block machines were exhibited by H. 
S. Palmer, of Washington, D. C, the Cement Machinery Com- 
pany, of Jackson, Mich., and the Burlington Block Machine Com- 
pany, of Burlington, Iowa. These machines were in operation 
daily, demonstrating the manufacture of cement blocks. 

The two-piece block was exhibited by the American Hy- 
draulic Stone Company, of Denver, Colo. Walls of various 
thickness from three inches and upwards were shown. 

Cement brick and cement paving tile machines were 
operated by A. D. Mackay, of Chicago, 111.; while cement roofing 
tile is displayed by the American Cement Tile Manufacturing 
Company, of Wampum, Pa.; Brock Bros., of St. Louis; and 
Furman Construction Company, of Detroit, Mich. The Brock 
tile is plain, the American is made corrugated, diamond-shaped 
and in the four-foot plain form, while the Furman is diamond- 
shaped. 

The Municipal Engineering and Contracting Company 
and the McKelvey Concrete Mixer Company, of Chicago, had 
exhibits of concrete mixers. The former was a cubical mixer, 
mounted on wheels, and was complete with boiler and engine 
for operating. The McKelvey mixer was a hand-driven barrel 

machine. 

The limited time available after the completion of the exhibit 
was insufficient for the execution of any elaborate series of investi- 
gations. It became necessary, therefore, to concentrate the work 
on such tests as would be productive of data of the greatest value. 
The tests made were of two kinds: those made in the laboratory 
and those made among the outside exhibits, consisting for the 
most part of full size concrete beams and floor slabs which were 
loaded to destruction with pig iron. The work in the laboratory 
was confined to illustrating proper methods for testing cement 
and to investigations of the comparative value of the various sands, 
gravels, and broken stone used in some of the principal cities of 

this country. 

Inasmuch as the exhibit was the joint work of some forty Port- 
land cement companies it was deemed undesirable to advertise any 
particular company either by permitting individual exhibits or 
by the use of a particular brand. The building was built with 
cement which was a mixture of four brands of Portland cement, 
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readily found in the St. Louis market. The same pohcy[was fol- 
lowed in the cement used in the laboratory tests; in which case a 

thorough mixture was made of five 
brands, which gave a standard 
Portland cement of sufficient quan- 
tity for the entire series of tests. 

It is a rather curious fact, that 
the average of the tests of the mix- 
ture of the five brands was higher 
than the average of the tests of the 
individual brands. The result of 
these tests is summarized in Table 
I, page 1 6. The variations 
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Fig. 4.— Diagrams of Results of Tests of Cements and Mortars, Showing 
Effect of "Personal Equation." 
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the results of these tests are due to two causes: (i) Changes 
in the quality of the cement due to atmospheric conditions, 
and (2) changes occasioned by the variation in the "personal 
equation" of the operator. Two men made the same tests 
simultaneously, using similar apparatus and methods. The effect 
of the "personal equation" and other changes is set forth in 
the diagrams Fig. 4;* the ordinates being the successive tests 
as made, practically, at daily intervals. These men were inex- 
perienced in the beginning and it will be noted in the diagram 
that while the results were far apart in the beginning they became 
more concordant as experience was acquired. 

In the comparative tests with the standard cement, of sands, 
gravel, and broken stone it was only possible in the limited time 
to test those from the following points: Berkshire, Mass. ; Cleveland, 
Ohio; Cowe Bay, Long Island, N. Y.; Chicago, 111.; Dallas, 
Tex.; Kaw River, lola, Kan.; Philadelphia, Pa.; Plum Island, 
Boston, Mass.; St. Louis, Mo. 

The results of these tests will be found in Tables III, IV, V, 
PL I, opposite page 16, and diagram Fig. 5, page 17. A study of 
the latter is quite interesting in that it shows the relation between the 
size of the particles and the percentage of voids. The tests seem 
to indicate that the smaller this percentage the greater is the 
strength of the mass; this percentage being dependent on the size of 
the particles. Where the particles are well graded from coarse to 
fine, the percentage of voids is reduced to a minimum. This was 
found to be true of the unscreened sands and gravels, the highest 
results being obtained with the sand or gravel containing the 
least percentage of voids and showing the best gradation in the 
size of particles from coarse to fine. 

When this material is screened to one size as 20-30 the per 
cent, of voids and the strength become practically the same, re- 
gardless of the strength previously obtained with the unscreened 
material. In this particular it apparently matters not what the 
geological origin of the material is, provided it is not undergoing 
further decomposition. It is also observable that the specific 
gravity of the sands and gravels is practically the same. 
An examination of Table IV will show the very small percentage 

♦Acknowledgment is made to the Engineering News for the cuts used 
in this paper. 
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am 

L 


-I 



Table I.— Showing Results of Tests of Five Brands of American Portland Cement and of 
Samples Made From a Mixture of All Five Brands. 



SAMPLE 
NUMBER 




AREA 


COMRRCSStVC 
STRCNOTM IN UB3. 


REMAR KS 


AGE 


Proportion 


WEICHT 

PCR 
CU FT 


Ul-TIMATC 


PCR 
• Or IN. 


1 


60 
DAYS 




13938 


3 5.2 5 


S8500 


(fcS9 


SU&HTUY SPALUCD AT EDGES. 


2- 




1 CCMENT 


149.87 


35.25- 


siqio 


1 70 O 


DO. 


3 




I3ANO 


(43.10 


3S.(S 


68500 


1943 


DO. 


A 




5 CHATTa 


143.87 


36.00 


70350 


|9 S4 


DO. 


S 






143.36 


35-33 


48000 


1 3 5<? 


OO. 


6 






144. Ofc 


35-63 


642 50 


■1803 


DO. 


Ave 






143. o4 


35-42 


6158J 


(740 




7 


DO 


I CEMENT 


143.18 


3SB4 


2'i'150 


8 22 


CORNERS SPALLeO. 


8 




£SAND 


I43.5Z 


36-00 


27ZI0 


759 




1 




4 CHATXS 


1-43.87 


36 00 


33 •450 


929 




10 






142.42 


36-00 


30S00 


858 




11 






142.47 


36.00 


31 125 


865 




IZ 






(•43.88 


36-0 


3O5O0 


848 




AVS. 






14-3.44 


35.S7 


30439 


847 




13 


DO. 


1 cemenV 


\AblO 


34.Tff 


30 200 


870 


ONE CORNER SPALLED. 


14 




2 8ANO 


(4S.ri 


3S-62 


2 7 880 


783 




IS 




4 CHATTS 


14^.52 


3563 


55^50 


/S7<? 




16 






147. feZ 


36- OO 


49 lOO 


13 64 




17 






(46. t1 


3S-63 


407OO 


1 (-42 




le 






145.73 


. se-oo 


3 5 200 


978 




Ave 






(46.2 3 


35-61 


39722 


( ( 19 




n 


DO. 




(I4-10 


22-24 


(4550 


654 


VERY BADLY SPAU.EO Two corners. 


so 




1 CEMENT 


(12-10 


36 OO 


I9O50 


S30 




21 




Z SAND 


(I3.<4( 


33-78 


ir9oo 


471 


VERV POROUS SPAl_I.BO ON CODES OF FACES. 


S2 




4 CINDERS 


(12-73 


35 -40 


22750 


62 O 


SPALLEO 9LI6HTLY AT EOGE8. 


23 






II3-20 


33-2S 


I9000 


57 ( 


EDGES AND RACES SLIOHTLV SPALLCD 


24 






(13-72 


36-00 


I9SOO 


542 


SLIGHTLY SPALLEO 


Ave 






113.36 


32«6 


18458 


565 




25 


DO. 




l40-ie 


3S-00 


S9400 


IfcSO 




26 






(3q.«i7 


3S-20 


EO950 


1450 




27 




1 CEMENT 


(-4237 




6S6SO 


1862 




2S 




£ SAND 


14(-80 


35-2^ 


74 3SO 


2052 




2<l 




4 CHATTS 


142.2'i 


3S.25 


65250 


185 1 




SO 






I4a33 


36-00 


588 


16 18 




Ms 






1-4I.10 


asAt 


<,Z.SIO 


1747 





















Table II.- 



-Results of Crushing of Cubes Made Prom Concrete Used in Constructing 
Reinforced Beams. 



NAIVIE. 



BERKSHIRE 



CLEVELAND '" »~ 



BERKSHIRE MASS 



CLEVELAND OHIO 



CLEVELAND ""T. 



COW BAV 



^ERSEV GRAVEL 



KANA/ RIVER 



HME SXONE*! 



LirvIE STOrslE^*"2r' 



MBRAMEC RWER 



MISSISSIPPI RIVER 



PLUIV1 ISLAND 



BANK WASHED TORPEW 



LAKE TORPEDO 



BANK SAND 



LOCATION! 



NEVA/ VORV< 



PHILADELPHIA 



ST. LOUIS MO. 



BOSTON MASS. 



PALLAS TEXAS 



CHI6AgO ILL. 



PHILADELPHIA 



31.5 



g.sa 
a.6s 



NESS IN PER CENT OF RESIPt.'E Q»^ ^'^j^fi. 






'^.6 






a..B 



6-4- 



a.o 



1.3 



5.S 



■goo 

■4--4- 



ao.3 
U.3 



0.5 



RCrvlARKB 



LIgHT BRQWN 



YELLOWISH 



LIGHT BROWN 



LIGHT YELLOW 



CHOCOLATE COLOR 



YELLOV/ISH 



YELLOWISH BROWN 



VELLOIA^ISH 



&RO\A/'N 
AVERASg" 



Plate ', 



Table III.— Specific Gravity, Percentage of Voids and Granulometric Composition of Various 

Sands for Cement Mortar. 



tensile: strength in lbs, p^r squ/^re inch 



CLEVCLAND " 1 



CLEVELAND "-X 



MISSISSIPPI 



PLUM ISLAND 



UAKE TORPEDO 



AVERASES 



SSI sia &oa 






5a I 570 »3B 



aAl bV9 SS4i 



XB DAVS 



aeo sA^t a&4 



STANDARD OTTOW^ SAND 



3ab ae7 'seo 



Ua T-A* 133 



«bo -a-si 3S1 



16 DaVs **V"in. 



Sbb 3-t-« 333 



a*! ISO ^a^ 



37* 3-79 3BB 



a»js aia ai.7 



301.191 1.7B 



UNSCWEENgP 



lAO 173 a3« 



I.A*. isa i*a 



3-Ui 33B 330 



1.IS 'll« TIA 






3 -as 3^1 391 



SAND SCREENED TO -a.O — ao 



iAi i^aoift 



> lib 1.19 



-IS I 13* 1S.O isa 



-7°^v» ~^f^.i.i «°>.vs ,rrs» •'"°^- "ii^t.'-. 









350 ax7 3t.X 



311. 309 3I» 






3sa S63 asa 
aofc 3n. 

aia am 



334 



Ta-ble IV.— Comparative Tensile Strength of Mortars Made of Sands of the Composition Shown in Table II. 





r^T-rr-iVA/A ^trXVo OARO 


STRENei 


-H.^^'N..J.-R^- P^'^ ^g-i 


"^^^-^CH..^.E 


:d .to -zq-so 




BERKSHIRE 


,«J,a'S1 


^fj3 


1^=15 


24.28 2325 


2377 


23 50 


2275 2213 

227S a 2 as 


JTHS 
224.4 
22510 


2247 


7 PA'; 

7ao 6se 

aaa 310 


i& 

614. 
381 


542, 


se3 looo 
ISO S3S 


^ 

ai-* 


113 


l4lo 14.18 


THS 

1S2.3 
14-14 


I508 


7 0AY 


^ . 




:.60AY 










CLEVELAND"I 


\-2yS IIBO 

nSd i-aeo 


ia7s 

1255 


1367 


2X58 3653 
1725 I77S 


27Qe 
I7SO 


222B 


3A40 2*»5S 
22<»S 277S 


3iie 

25^5 


2SG7 


14-58 14-75 
I04.3 133 8 


1467 

12.(5 


134-1 


1885 205S 
1425 I3SO 


1170 
I3as 


1671 


3o2f5 a523 
2313 3478 


2774 
2316 


2572 




















CLEVELAND^i 


127S 1373 


I2S7 

I32S 


1311 


aaoB 23 as 

213-e 2113 


2217 
2i2« 


ai7i 


22 7S 2388 


2.572 

2331 


24.52 


■=138 S2S 
120 a i2ao 


132 
1200 


I066 


1615 IG88 
14-00 i3oo 


1612 
1350 


IS2.I 


28 SO aesa 
24-53 2483 


2757 
2-468 


2613 


iioa I270 

1185 lf2S 


1153 


H72 


2200 24.13 


2307 


2211 


2475 2565 


iSTtO 


24.«la 


COW BAY 


aaas 2703 


271* 


2o3*» 


3S13 3738 


3«2€ 
274-4 


3185 


+03B 3'i7« 
34.S0 35e3 


4007 
3So7 


3757 


ao3o ai7-s 

tol*1 1303 


2103 

iiei 


IC32 


2888 2825 
24.I3 ao25 


2856 
3233 


2547 


2SOO 2778 


3484 
2781 


3137 


147 3 1533 


k5o3 


IS4-4 


2413 2488 


2411 


2428 


3828 2715 


2812 


2512 


Kaw, River 


I-300 1-227 


1263 


K5& 


2.138 2iaS 


3.131 


2o53 


ssto 24e3 


2.S02 
34.64 


3483 


14J15 14.75 

lees iSoo 


1405 
1514- 


I540 


2463 :H 75 
lloo 1863 


2311 
18*2. 


2100 


24.15 3S7S 
■2283 22 18 


24-13 
2251 


2373 


I300 1448 
1363 laoo 


1374 

1332 


135i 


2363 2275 
2675 3 063 


2361 


2344 


2528 2488 


2^oa 


2464. 


LIMESTONE*! 


l-Sao 135-5 


I3e7 


133*1 


sisa -a-aa 

2275 2235 


■2IB3 

3S5S 


2211 


2e5a2S3o 
281S 2713 


3.S1A 
2S4-* 


27)1 


3«(3 aJ5o 

zeca 2-400 


2582 

2532 


2557 


3313 34.38 
32 3B 3850 


3376 
3544 


34.60 


2715 3^3JS 
3775 3615 


3672 
3735 


3704 


142^ 1318 
12.13 IISO 


1412 
1182 


1217 


2300 20 as 

2223 2(88 


2.161 
2207 


2183 


2343 2450 

2178 ^173 


2317 
2(76 


2287 


LIMESTONE '♦l 




















ssa «f35 

«l7S II50 


14-7 
1163 


100 5 


tll3 KSS 
1375 I57.S 


MSO 
14.75 


1313 


1625 1678 
I83S 167a 


1652 
1753 


1703 


1053 1083 
1113 11X8 


loe7 
1)2.1 


lOlS 


1144 2225 
2.000 lo 15 


2Qas 

2ol5 


2050 


2223 207S 
2063 3075 


ao€i 


21 ol 


ME RAM EC 


17aS l&S^ 

i-aso ina 


1A7S 

lie a 


I3S'» 


2«17« ZSS3 

2^33 rse3 


2^2'^ 

2GOI 


27CS 


3«e3 3S7S 
3300 ao7.5 


36l<=r 

3Pa8 


3*03 


1275 V375 
lloo II So 


laas 

1175 


1250 


2275 23 tS 
1770 l7o5 


2215 

1733 


30I7 


23<3o 2363 

2<25 xuaa 


2332 
2357 


2345 


V235 I2.BS 
12.3Q 12.18 


1224 


1241 


2123 2.000 
2158 2 270 




1138 


2438 2432 


243S 


2450 


Ml'5S\S3\PPl 


IISS \n.\G. 


wse 


ia'*4 


2.72 3 2.S70 
32.13 3S-75 


2S17 


3o4e 


2S38 312^5 
3G2.5 3ZJo 


<3oe2 

3es8 


3375 


1S53 1583 
1-4.50 1448 


1568 

IA«? 


lSi*I 


38 03 3748 
a4StO 4-125 


37 76 

3773 


3775 


3875 4138 
4675 44^13 


4006 

4544 


42.75 


1083 tooo 
150 lo5o 


1000 


I022 


24 10 2538 
2460 2748 


2*''^ 2531 
2604 


33633388 
2.713 2600 


2657 


36»e 


PLUM ISLAND 




14.GS 

i*So 


14-5*1 


2-4.75 2CS8 
23*8 2275 


2^ai 
3333. 


24.57 


3o4S 32e3 
27SS 2725 


3(54 
2753 


7.1S4 


1154. 1038 
loia IGa 


I0I6 

111 


\04.3 


1635 1518 
IGoo iSoo 


ISSo 


1564 


2533 24«a 


2501 


isea 


ni3 1205 


nil 


12.11 


2453 2o54 


2254 


2241 


2 600 2560 25»o 


2704 


TEXAS 


lloS 1340 


lias 
toi3 


HIS 


2183 2510 
2073 fiao 


234.1 
2003 


2I7G 


3163 382a 
34.78 2GTo 


2i?a. 

2J84 


2788 


1300 1233 
ISoo 174-3 


I2C7 

1624. 


14.46 


\725 1<(23 
3138 230B 


1827 
2673 


2250 


2 37ft 34-05 
35*8 a4-7« 


3006 


2G11 




















WASHED BANK TORPEDO 


MIS >oa-. 


lies 


1153 


33SC. 2700 
2313 2.G7£ 


304.0 
24.14. 


2767 


308O asia 

2675 2750 


3737 
2713 


3215 


1413 tZSS 

1713 1725 


1384- 
1724- 


IS54 


3150 3SOO 


24-4.7 
34.7.5 


2fGI 


3158 814-5 
3|5o 28oo 


3152. 
2175 


3064 


11 So |i2<S 


1153 


II05 


2ZGO 2400 
1350 a.523. 


2 330 
2436 


2383 


2S6a 2840 


285to 


2817 


jerse:y gravel 


ns8 \sis 


VT17 


1.4-31 


37oS 3*80 


3S13 


3103 


3100 3ias 


3111 


3S1o 


1000 II43 

tSS 11 OS 


lo32 


1052 


iCiS 13G,3 


14-14- 


\G2G 


2208 33 35 


2222 


2315 


M45 II 1-5 




1/48 


2^375 2178 


XflG 


2161 


23 LS 2328 


2322 


2317 


PMILA. BANK SAND 
AVERA,OE 


10 88 ''(■SO 


1*00 

IOl<^ 


1105 
1364 


2.4.oe 3525 
2 308 2318 


2-tS7 
2318 


2312. 
2532 


2750 2718 
2.540 24*?S 


2734 
2511 


2^Ga 


503 4-88 
4.S0 -+5S 


4.16 

4-S3 


4-75 
1288 


103B loao 
778 763 


1021 
77 1 


<^oo 
ao4.S 


14.83 tS4.3 


IS. 3 


IGll 
2Go7 


-*1S 558 


.527 


S77 
1161 


III0 1203 


1117 


1114 
2.171 


lIlQ 1968 


[171 


20 04 
2412 



Table V —Comparative Compressive Strengths of Mortars Made of Sands of the Compositions Shown in Table II. 
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Fig. S- — Diagrams Showing Granulometric Analysis of Various Sands for Cement Mortars. 
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of fine material passing the number 200 sieve and even of 
material designated as "silt" except in the case of the two lime- 
stones. This fine material in all cases being inorganic, and should 
not, therefore, be classed as "loam" — a term in common use. 
The term "loam" is a much abused one, is rarely ever used cor- 
rectly, as "loam" properly so called is a vegetable mold and has a 
decided weakening effect on the strength of any material in which 
cement is used as a binder. Fine inorganic material, if not pres- 
ent in excessive proportion, enhances the strength of mortars or 




Pig. 6. — Views of Reinforced Concrete Beams 1,2,3 ^^^ 4 After Failure . 

concretes, as it tends to lessen the percentage of voids thereby 
reducing the quantity of cement required to fill the voids. 

In addition to the above tests, four experimental beams were 
tested in the laboratory; three of these (two of rectangular and 
one of T-section) were made according to the Hennebique system ; 
and the other, also rectangular in section, according to the Kahn 
system. The beams of rectangular section were made under 
identical conditions and were designed to carry the same load 
using the same percentage of steel reinforcement. These beams 
were made in the open air and were not wetted after being made 
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and the forms were removed just before the tests were made, at 
the end of 60 days. The beams remained in the open air during 
that time and were not moved until tested. 

Test cubes were made of the concrete from which the beams 
were cast and the results of these tests maybe found on page 16, 
Table II from 25 to 30 inclusive. 

Fig. 6 shows the condition of the beams after testing; the pho- 
tographs are not, however, sufficiently clear to show the location 
of the hair cracks. The poor quality of the concrete which will 
be alluded to later, caused the beams to fail without developing 
the full strength of the steel in tension, although in both the Henne- 
bique and Kahn beams the compressive resistance of the top of 
the beam was materially increased by the steel reinforcement. In 
the latter beam the results would probably have been higher had 
the top reinforcing bar run the full length of the beam, as it will 
be observed that the concrete failed around the ends of this bar. 

The following is the result of the tests of these beams in the 
order in which they were tested: 



////| ■ 



Yl'lp< lO'O' '-■■■ i^l'/p. 

Beam i, Kahn System. — Length over all, 11 ft. iif ins.; clear span, 
10 ft.; breadth, 6i ins.; depth over all, SJ ins.; depth to center of steel, 
7i ins.; compressive strength concrete, 60 days, 1,747 lbs. per sq. in.; 
weight of beam, 593 lbs. ; mixture, 1:2:4; reinforcement in top, one i-in, 
Kahn bar 9 ft. long; reinforcement in bottom, two J-in. Kahn bars 11 
ft. I if ins. long. 

Steel in tension IS9% 

Steel in compression 80% 

Total steel 2.39% 

Loads. Deflection, 
lbs. in. Remarks. 

1350 3-32 

2350 1-8 

335° S-16 Crack appeared on right under end of top of rein- 

forcing bar. 

435° 3-8 

535° 15-32 Crack appeared on left under end of top of rein- 

forcing bar. 
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Loads, 
lbs. 


Deflection 
in. 


6350 


17-32 


7350 


S-8 


7770 


7-8 



Remarks. 



7830 



Failed by concrete crushing around ends of top rein- 
forcing bar. Concrete buckled at the ends, of 
top bar. 



^,2 Round BoctSf^rrr ^, 

"" ■ * ■£ 5l-irwps,4y/ktE, No.SOOage, IS'lonq, iS''C.toC. 



ra k/Oj-->l<- 



5EEEO 



T^'-r- 



-lO'O'- 



:Slimis,^mie,Nti.i06age,$'limg,ie'C.ipC. 



-V-i/M-"^ 



Beam 2, Hennebique System. — Length over all, 12 ft. f in.; clear 
span, 10 ft.; breadth, 6J ins. ; depth over all, 8 J ins.; depth to center of 
^> 7 J ins.; weight of beam, 620 lbs.; mixture, 1:2:4; compressive 
strength of beam, 60 days, 1,747 lbs. per sq. in. 

Steel in tension i .60% 

Steel in compression 80% 




Total steel 2.40% 

Deflection 

^"- Remarks. 



Hair cracks appeared on either side of center, very 
faint. 

Cracks became more general. 

Failed by concrete buckling in center of beam. 



.hK^.TX!i!^..i^.S'!tSS!y.!?."y.ii'j,i' 



KV/I* 



%{'llMnd Bars Bent 



- /Ob-- 



3 



-*7/4->I 



Beam 3, Hennebique System. — Length over all, 11 ft. iij ins ■ 
clear span, 10 ft. ; breadth, 12J ins. ; depth over all, 9 ins. ; depth to center 
of steel, 7i ins.; weight of beam, 876 lbs.; mixture, 1:2:4; strength of 
beam, 60 days, 1,747 lbs. per sq. in. 



Loads, 
lbs. 

2350 

43SO 

6350 

795° 

8350 

8750 



Deflection, 
in. 

1-8 

S-32 
3-8 
iS-32 
9-16 
7-8 



Remarks. 

First hair cracks appeared in center. 

Failed by concrete crushing at top in center of beam. 
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.. 't.mnj'tJMi jtbj - .i?A'^J!ie^ :'^??-Pwf-?-'!^f^.'?.'->, 

Beam 4, Hennebique System. — Length over all, 12 ft. J in.; clear 
span, 10 ft.; breadth, 6 J ins.; depth over all, 8i ins.; depth to center 
steel, 7 J ins.; weight of beam, 614 lbs.; mixture, 1:2:4; compressive 
strength, 60 days, 1,747 lbs. per sq. in. 

Steel in tension 1.60% 

Steel in compression 80% 

Total ii.40% 

Loads Deflection, 

lbs. in. Remarks. 

1350 1-16 

2350 1-8 

3350 3-16 

4350 7-32 

535° 3-8 

6350 1-2 Paint hair cracks on either side, center very faint. 

735° 19-32 

8350 13-16 

8650 I Failure by concrete buckling at top in center. 



An average of several tests of the \ inch rOund rods used in beams 2, 
3 and 4 is as follows : 

Elastic limit 41,500 lbs; modulus of elasticity 28,000,000; ultimate 
strengh 60,500 lbs.; elongation in 8 inches 25%'. reduction of area 61%; 
fracture, angular, silky, blueish-grey color : surface pitted and rusty. 



In the ispace adjacent to the Exhibit building there had been 
planned an elaborate series of test beams built according to the 
various systems in use in this, country. Unfortunately, the exhibit 
was completed so late that it was impossible to stir up sufiScient 
interest to carry out an elaborate program. Besides, there were no 
funds available for such experiments, and the expenses connected 
with the tests which were made were very generously borne by the 
Trussed Concrete Steel Co., of Detroit, Mich., and The Henne- 
bique Construction Co., of New York, to whom the writer wishes 
to express his thorough appreciation and thanks for the interest 
taken and the assistance rendered by them in the experiments. 

The tests in question consisted in reinforced concrete beams 
and floor slabs of 15 ft. span and a cantilever. Simxdtaneous with 
the making of the test beams 6-in; cubes were made from the 
concrete which was used in making the beam and floor slabs. 
The results of these tests are found in Table II, page 16. 
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The chatts which were used were a calcareous chert, all of 
which passed a No. lo screen. There are two varieties of chatts, 
a hard silicious chert which comes from Joplin, Mo., and the soft 
calcareous chert which comes from Bonne Terre, Mo. This ma- 
terial is the refuse from the lead mines and as it is relatively 
cheap it is extensively used in St. Louis and vicinity. The chatts 
used was of the calcareous variety and were quite soft and friable, 
having a low compressive strength and therefore making a con- 
crete correspondingly poor. 

It was for this reason that the beams tested failed in many 
cases under a small load before the strength of the steel was de- 
veloped. 

It will be noted that the cinder concrete gave correspondingly 
low results. The cinder was clean and of a better quality than 
is generally used — although it contained a large quantity of 
unburned coal. The strength of the concrete in which it was used 
was about one-half of that of a good stone concrete. The modulus 
of elasticity was about 1,500,000 in the concrete made with chatts 
and 500,000 for the cinder concrete — values materially lower than 
are usually quoted. 

These tests show how important it is to have a hard aggregate 
in order to secure a strong concrete. An important feature gener- 
ally overlooked in tests of concrete is the compressive strength of 
the aggregate itself. If a test of the aggregate was made it would 
serve as a basis for comparing the compressive resistance of con- 
crete and would indicate whether the difference was due to differ- 
ences in the strength of the aggregate or was due to the mixing or 
to character of the other aggregates. 

The concrete for the beams and floor slabs was mixed by hand 
in the proportion of one part Portland cement, two parts Missis- 
sippi River sand and four parts chatts; wooden forms were used 
and were thoroughly wetted before the sloppy wet concrete was 
deposited in them. The concrete was not subsequently wetted 
and the forms were removed at the end of ten days. They remained 
in air, unprotected, and were not handled until tested at the end 
of about 60 days, when they were loaded to destruction with pig 
iron. This method is a slow, laborious process requiring the 
exercise of great care in loading so as to maintain the center of 
gravity of the load over the center of the beam, but there were no 
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other means available for testing these beams of such large size 
and span. 

The overturning which occurred in the case of A and B was 
produced by the unequal compression of the earth under the bear- 
ings supporting the beams. Possibly, this will also account for 
the shearing of the overhanging un-reinforced slab in the T beam 
F. The ground on which the beams were built had been filled 
in with the refuse staff, scaffolding, etc., from the Exposition build- 
ings and in proportioning the bearing area insufficient allowance 
was made for the compressibility of this filling . 

In order to avoid arching of the pig iron, through the deflec- 
tion of the beam under load, the pig iron was placed in piles and 
sufficient clearance was left between the piles so that the deflection 
would not bring them into contact. Where the load required to 
break the beam is large, these piles are quite high (for A and B 
they were 5 ft.), the piling of the pig becomes slower and the 
maintenance of the equilibrium much more difficult as the height 
increases. The rate of loading varied from 50 lbs. to 150 lbs. per 
minute. The deflections were measured at the center from a string 
stretched taut over two wire nails in the side of the beam imme- 
diately over the edge of the support and in the center fine of the 
bottom reinforcing steel. 

The following are the results of the tests of these beams : 

Beam F. — Built Sept. 13; tested Dec. i, 1904. Length over all, 
17 ft.; clear span, 15 ft.; breadth at base, 8 ins.; at top, 18 ins.; depth 
over all, 13 J ins. ; depth to center of steel, 1 1 J ins. ; reinforcement in bot- 
tom, two i-in. round bars, with one i-in. round bar just above; mixture, 
1:2:4; weight of beam, 2,529 lbs., compressive strength of concrete, 
1,740 lbs. per sq. in., per cent, of steel, 1.63, area of steel, 2.35 sq. ins. 





Loads. 


Deflection. 




Time. 


lbs. 


in. 


Remarks. 


10.50 A. M. 


3656 


3-16 




"•35 " 


6877 


3-16 




11.50 " 


8997 


1-4 




12.00 Noon. 


10807 






1.05 P. M. 


14105 


7-16 




1.40 " 


18898 


9-16 


Two hair cracks i ft. off center line 
either side 




20166 




Failed. 



Bars sliding as beam collapsed. Fig. 7. The slab sheared off on 
one side as will be seen, this was probably due to lack of uniformity of 
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Fig. 8. — Diagrams of Test Beams and Floor Slab Showing Dimensions and Reinforcement. 
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load. The bars did not slip until the beam collapsed There was no 
reinforcing in the slab. The dimensions of beam and other information 
can be obtained from Fig 8, page 24. 

Beam E. — Built Sept. 13; tested, Dec. i, 1904. Length over all, 
17 ft.; clear span, 15 ft.; breadth, 12 ins.; depth over all, 13^ ins.; depth 
to center of steel, 12 ins.; weight of beam, 2,677 lbs.; mixture, 1:2:4; 
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Fig. 7. — View ofj^End of Beam E Showing Shearing Off of Slab and 
Sliding of Reinforcing Rods. 



compressive strength of concrete, 1,740 lbs. per sq. in.; reinforcement in 
bottom, three i-in. round bars 17 ft. long; area of steel, 2.35 sq. ins,; 
per cent, 1.63. 



Remarks. 
Deflection not noticed before 1,000 lbs. 





Loads. 


Deflection 


lime. 


lbs. sq. in. 


m. 


9.00 A. M. 


16510 


9-32 


12.00 Noon. 


20166 


11-32 




24612 


15-32 


S.30 P- M. 


26460 


1-2 
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Time. 


Loads 
lbs. sq. in. 


Deflection 
in. 


Dec. 2d. 






8.30 A. M. 


33198 


21-32 


8.30 " 


26460 


II-16 



Remarks, 



Two hair cracks, one on either side of 
the center line. 
33108 Failed. 

A series of vertical cracks appeared until the beam failed suddenly 
hy horizontal shear at one end entirely. Bars again slipped as beam 
collapsed. Dimensions of beam given in Fig. 8, page 24. Fig. 9 shows 
beam after failure. 

Dimensions, etc., see Fig. 8. 




Fig. 9. — View of End of Beam E Showing Sliding of Reinforcement. 

Beam D, — Built Sept. 13; tested, Dec. 2, 3, 1904; Length over all 
17 ft.; clear span, 15 ft.; breadth, 12 ins.; depth over all, i3Jins.; depth 
to center of steel, 12 ins.; weight of beam, 2,677 lbs.; mixture, i: 2: 4- 
reinforcement in bottom, two f-in. Kahn bars 17 ft. long; reinforcement 
in bottom, one f-in. Kahn bar 9 ft. long, bent up slightly; area steel in 
tension, 2.34 sq. ins.; per cent, of steel, 1.63; compressive strength of 
concrete, i ,740 lbs. per sq. in. 



27 



Time. 


Loads. 
lbs. 


Deflection 
ins. 


Dec. 2d. 






3.30 P. M. 


6479 


I-16 


3-50 " 


8461 


3-32 


S-oo " 


1 1 806 


1-4 


5-3° ■■ 


15033 


11-32 


Dec. 3d. 






8.30 A. M. 


15033 


11-16 


8.5s " 


20732 


3-8 


9-3° " 


23476 


1-2 


10.30 " 


27800 


11-16 


11.30 " 


30719 


I in. 


II. 45 " 


32663 


if in. 


11.50 " 


32663 





Remarks* 



Failed slowly 4 ft. 6 ins. from each end 
of beam. 



Dimensions, etc., see Fig. 8. 



Beam C. — Built Sept. 12; tested, Dec. 3, 4, 5, 1904. Length over 
all, 17 ft.; clear span, 15 ft.; breadth, 12 ins.; depth over all, 13^ ins.; 
depth to center of steel, 12 ins.; weight of beam, 2,677 lbs.; mixture, 
1:2:4; reinforcement in bottom, two J-in. Kahn bars 1 7 ft. long; reinforce- 
ment in bottom, one J-in Kahn bar 9 ft. long, bent up slightly; reinforce- 
ment in top, two ^-in. Kahn bars 9 ft. inverted; area of steel in tension, i!.34 
sq. ins.; area of steel in compression, .76 sq. in.; total area of steel, 3.10 
sq. ins.; per cent, of steel, 2.15; compressive strength of concrete, 1,740 
lbs. per sq. in. 



Time 
Dec. 3. 


. 


Load, 
lbs. 


Deflection, 
ins. 


3.10 P. M. 
350 " 
4.20 " 

Dec. 5. 

Dec. 6. 


5629 1-32 
11398 3-16 
15287 3-8 
Nothing done. E 


8.00 A. M. 


15287 


3-8 


8.30 




18100 


3-8 


9.00 
9-30 




21688 
24058 


15-32 
5-8 


9-55 
10.05 




29943 
28934 


7-8 

I 


10.10 
10.15 




29914 
30878 


li 
1-11-16 


10. 25 









Remarks. 



Sunday. 



Hair cracks appearing 



Failed. 
Dimensions, etc., shown in Fig. 8 
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Beam B. — Built Sept. 12; tested, Dec. 5, 6, 1904. Length over all, 
17 ft.; clear span, IS ft.; breadth, 16 ins.; depth over all, lyi ins.; depth 
to center of steel, 16 ins.; reinforcement in bottom, two i-in. Kahn bars 
17 ft. long; reinforcement in bottom, one f-in. Kahn bar 9 ft. long, bent 
slightly upwards; area of steel, 3.62 sq. ins. or 1.41%; weight of beam, 
4,600 lbs.; mixture, 1:2:4; compressive strength of concrete, 1,740 lbs. 
per sq. in. 



Remarks. 





Load. 


Deflection. 


Time. 


lbs. 


ins. 


Dec. 5. 






2.00 P. M. 


10417 


I-16 


2.30 " 


IS189 


3-32 


3.20 " 


22802 


7-32 


4.10 " 


27607 


9-32 


4-45 " 


31487 


11-32 


Dec. 6. 






8.30 A. M. 


31487 


11-32 


9-3S " 


33403 


11-32 


10.50 " 


38190 


11-32 


I2.4S P- M. 


45082 


lS-32 


1.30 " 


47817 


3-4 


2.10 " 


50000 


7-8 


3.10 " 


54735 


1-11-32 




55727 


I- 7-16 




56712 


1-19-32 


3-5° " 


57696 


1-11-16 




5867s 


1-3 1 -3 2 


4-iS " 


59906 


2 


5.00 " 


60911 


2-1 1-32 



One hair crack on bottom of beam 
under each bent bar. 



Two more hair cracks appeared. 



Two more hair cracks appeared nearer 
bearings. 



Beam overturned. 



Dimensions, etc., see Fig. 8. 



Beam A. — Built Sept. 13, 1904; tested, Dec. 7-14, 1904. Length 
over all, 17 ft.; clear span, 15 ft.; breadth, 16 ins.; depth over all, 17! 
ins.; depth to center of steel, 16 ins.; reinforcement in bottom, two i-in. 
Kahn bars 17 ft. long; reinforcement in center, one f-in. Kahn bar 9 ft. 
long, bent up slightly; reinforcement in top, two f-in. Kahn bars 9 ft. 
long, inverted; weight of beam, 4,600 lbs.; mixture, 1:2:4; area steel in 
tension, 3.62 or 1.41%; area steel in compression, 1.56 or .60% ; total 
steel, 5.18 or 2.10%; compressive strength of concrete, 1,740 lbs. persq. in. 





Loads. 


Deflection. 


Time. 


lbs. 


in. 


Dec. 7: 






9.25 A. M. 






I0.4S " 


10168 


I-16 


11.40 " 


IS937 


3-32 



Remarks. 



Started. 



2<J 





Loads. 


Deflection. 


Time 


lbs. 


in. 


2.2S P. M. 


20769 


S-32 


3-IO " 


25632 


3-16 


3-2S " 


27617 


3-16 


3-55 " 


31548 


3-16 


4-30 " 


33561 


3-16 


4-4S " 


35477 


7-32 


S-oo " 


37458 


7-32 ' 



Remarks. 



Two faint hair cracks, one at each end of 
bent bar in center; beam started to 
overturn, bearings sinking unequally. 
Dec. 8: Unloaded and straightened. 

No deflection observable, then began loading. 
Dec. 9: 



Four hair cracks (2 more) on each side 
of center. 

Rain stopped, loading beam over- 
turned, due to unequal settling of 
foundations. 



8.30 A. M. 


37458 


7-32 


9-45 " 


40839 


7-32 


IO-3S " 


44723 


1-4 



11.25 



Dec. 



50000 



52693 

52962 

54945 
60856 



S-16 



3-32 

13-32 

5-8 



Set in beam. 



Beam overturned. 



Foundations again settling unequally, beam straightened, one hair 
crack in center, 2, 3 ft. 6 ins. on either side of center of beam; f-in deflec- 
tion set in beam. Foundations releveled bearing area increased and beam 
reloaded. 

Dec. 12: Sunday — Nothing done. 
Dec. 13: 
II. 15 A. M. 60856 3-8 Set in beam. 

Several hair cracks from top J-in. opening traveling off in both direc- 
tions horizontally, middle each 8J ins. from top. 

63 8 II Two more hair cracks appeared on 

either side of center line. 



Remarks 



Time. 


Loads, 
lbs. 


Deflection, 
in. 




66021 


3-4 


3-45 P- M. 


74941 
75000 


I-I-8 



One crack 18 ins. from center line, 9 

ins. frolii top. 
One crack 36 ins. from center line, 11 

inches from top. 
One crack 56 ins. from center line, 7 

inches from tot). 



5.00 P. M. 80000 1-3-8 
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Loads. 


Deflection 


Time. 


lbs. 


in. 


Dec. 14: 






8.00 A. M. 


80000 


1-3-4 




81010 


1-13-16 




82005 


1-13-16 




83005 


I- 7-8 




83977 


I- 7-8 


11.30 A. M. 


85400 


I- 7-8 


12.00 Noon. 


87385 


2- 1-32 


I.2S P. M. 


90362 


2- 5-8 


^•iS " 


93269 


3- 1-8 


2.30 " 


94074 


3- S-16 


2.40 " 


945 1 2 




Weight beam 


4600 




Total load, 


ggiT2 





Remarks. 



Failed 




Fig. 10. — View of Kahn Beam A Under Load 



Kahn System Hollow Tile Floor Construction. — Built Sept. 
21, tested Nov. 30, Dec. i, 2, 1904. Length over all, 18 ft. Clear 
span 16 ft. 6 ins. Width, 5 ft. 8 ins. Depth, 10 ins. Tile,. 
10 X 12 ins. Beam joists, five, 4 x 10 ins., 18 ft. long, i' 4" centers. 
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Reinforcement, each joist, one f-in. Kahn bar, i8 ft. long. 
Mixture, 1:3: 5. Area steel, each joist, 0.78 in. or 2.30 per 
cent. Weight of slab, s,8oo-lbs. 




Fig. II, — View of Kahn Hollow Tile Floor After Failure. 



Time. 

Nov. 30: 
4.10 P. M. 
4-45 " 
S-io " 

5-3° " 
Dec. I : 

8.30 A. M. 

5-30 " 
Dec. 2 : 

8.30 A. M. 
II. 25 " 
11.50 " 



Loads, 
lbs. 



I24S7 
18300 
22200 

25132 

25132 
25132 



Deflection, 
ins. 



Remarks. 



n. 3-32 s. 3-32 
1-8 3-32 
1-2 3-8 Hair cracks across center ex- 



3-4 
3-4 



25132 3-4 

25132 25-32 
34634 2-1-2 



actly. 



9-16 
21-32 

23-32 
3-4 



Two vertical cracks appeared 
3 ins off center line on either 
side. 
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II. 55 A. M. 35611 Concrete commenced to crush 

on top over last cracks loading stopped, beam kept cracking and slowly 
deflected until it failed at 12.15 (20 minutes) with center cracks opening 
up and another 7 ft. o£E centre line concrete at center crushing out and a 
crack running along line of steel from center to right three feet. Breaking 
load 500 lbs. per sq. foot. The dimensions of slab are shown in Fig. 8, 
page 24 , Fig. 1 1 shows floor after failure. 

Siegwart Floor. — ^Length over all 14 ft. 3 J ins., clear span 
13 ft. 5^ ins., depth 6 ins., width of slab 33 ins. 




''i^'Ransome Nods--'' 



^ 



-/4'3f" 



-is'sk"-- 



Time. 
8.30 A. M. 

9-iS " 
9-25 " 



10.05 
10.15 



Load, 
lbs. 

2901 

5484 
8409 

10378 
I1366 

15313 
16284 
16831 



Deflection, 
in. 

1-8 

S-16 

1-2 
13-16 

7-8 
1-23-32 
2-3-4 



Remarks, 



-4^i' 



Hair cracks well 
bottom beam. 



distributed along 



Failed. 



This floor slab was composed of beams made according to 
Siegwart System ; in above sketch the slab is seen to be composed 
of three slabs 11x6 ins. in section, and reinforced with rods ac- 
cording to Hennebique System without shear straps. The beams 
are cast around cores (core openings shown in sketch), the steel 
being placed in position and the concrete cast around it; the cores 
are withdrawn and the beams feathered apart at the points indi- 
cated. These beams were made in New York, and were shipped 
by express when 60 days old to the exhibit, where they were placed 
in position and the joints grouted. A load of bags of sand was 
placed on the floor (100 lbs. per sq. ft.) and remained there until 
the close of the Exposition, when it was loaded with pig iron to 
destruction, the beams being about 6 months old. The idea of 
this system is to make the beams for certain loads and spans and 
carry them in stock as steel I-beams are carried, shipping on order. 

Cantilever. — ^This is shown in Fig. 12 and was built to illustrate 
the flexibility of reinforced concrete, the dimensions and rein- 
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forcement are shown in Figs. 13, 14 and 15. The stairway hung 
free and led to the top which was a walk; this was in service 
during the Exposition. 




Fig. 12. — View of Reinforced Concrete Cantilever Tested to Destruclion. 

The cantilever was built, as was discovered afterwards, over 
a wooden box drain and the settlement of the foundation caused 
the cantilever to tilt towards the outer end. 




"w!- |<-: I }'o'- ^it-JO' ■■'t<- 110'— r- iJ 

Side Elevation. 
Fir, I,:! 
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The forms, instead of being removed gradually, were quickly 
removed, and the sudden application of the load caused a strain 




6'0"- M 

End Elevation, North. 
Fig. 14. 

which cracked the cantilever at the shank on the left-hand side. 
The props were restored and the cantilever washed with neat 

9 Rods, ^''piam.y 

ofv/fof/sy^ 




-w?i*m 



i,g"D!crmy '9 ffods, g"D/am. 

Section A-B. 
Pig is 
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cement. The props were then gradually removed and the canti- 
lever remained unchanged until tested with pig iron. The applica- 
tion of this load caused the cracks to open at left side of shank and 
the cantilever collapsed. As bars of the requisite size were not 
available a bundle of smaller rods was substituted; the shear 
members were insufScient to hold the cantilever and it pulled 




Fig. i6. — View Showing Failure of Reinforced Concrete Cantilever 



apart at the left shank and failed as shown in Fig. i6 before the 
compressive resistance of the concrete in the right center section of 
the shank had been reached. The loading was as follows: 



Loads. 


Deflectic 


lbs. 


m. 


3060 


I-16 


9845 


1-4 


13735 


11-32 


14760 




17680 


i-S 


20607 





Remarks 



Hair crack appeared. 

Opening at center 11-16 in. at outer end. 

Failed 4-11-16 in. extension at the center. 



Besides these, tests were made of cement shingles, concrete 
sewer pipes, cement bricks and hollow blocks. 
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The Collective Portland Cement Exhibit and Model Testing 
Laboratory was assembled with a view of exploiting the American 
Portland Cement Industry and not with a view of advertising any 
particular process, plant or product. It was highly beneficial in 
disseminating a better knowledge of the proper methods of testing 
and of the nature, uses and properties of Portland cement; and 
in recognition of this fact it received two grand prizes, the highest 
awards of the Exposition.* 

It is to be regretted that the time available for the experimental 
work was not longer, so that much more data could have been 
obtained. 

It is, however, a matter of gratification to all those connected 
with this exhibit that the work thus started will be continued under 
the direction of the United States Goverjmient, the Joint Com- 
mittee on Concrete and Reinforced Concrete, and other inter- 
ested persons, and it is to be hoped that the exhaustive series of 
investigations of structural materials which have been planned 
under the direction of the National Advisory Board on Fuels 
and Structural Materials may be successfully carried out thereby 
supplying information of inestimable value to the engineering 
profession. 

*The Collective Portland Cement Exhibit was awarded a Grand Prize (see page 2 
The Model Testing Laboratory received a second Grand Prize. 
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